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INTRODUCTION 

Time  series  studies  uniformly  have  found  that  aggregate 
quit  rates  in  manufacturing  industries  are  strongly  related  to 
business  conditions,-!^!  • ^ Quits  are  high  during  periods  of  low 
unemployment  and  vice-versa.  The  model  of  economic  behavior 
most  often  used  to  explain  these  results  is  one  of  individual 
utility  (or  income)  maximization — 74-r^workers  are  assumed 
to  quit  jobs  in  response  to  changes  in  the  expected  value  of  job 
search.  Implicit  in  these  studies  is  the  idea  that  changes  in 
aggregate  quit  rates  over  the  business  cycle  are  caused  by 
changes  in  the  probability  that  individuals  will  quit.  . __ 

This  paper  presents  evidence  that,  at  least  for  the  steel 
industry,  a change  in  the  probability  that  individuals  will  quit 
is  not  the  major  reason  why  aggregate  quit  rates  are  cyclically 
sensitive.  The  alternative  explanation^  fchat—ia  tasted  -t»eHfe-^s 
that  changing  quit  rates  is  an  aggregation  phenomenon  traceable 
to  changes  in  the  tenure  distribution  of  the  employed  work 
force. 

The  author  wishes  to  thank  his  colleagues  at  the  Center  for 
Naval  Analyses,  particularly  Paul  Feldman,  Frank  Brechling,  and 
Kathleen  Classen  Utgoff  for  numerous  helpful  suggestions. 
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This  explanation  is  not  totally  new 


In  a 1958  article  on 


"industrial  feudalism",  Ross  [8]  pointed  out  that  employment 
growth  in  manufacturing  had  fallen  since  the  1920s,  reducing  the 
proportion  of  young,  low-tenure  workers  in  the  labor  force.  He 
suggested  that  since  these  workers  are  the  ones  most  likely  to 
quit,  it  was  to  be  expected  that  the  quit  rate  would  also  have 
fallen. 

The  same  argument  is  used  here  to  explain  variations  in 
quit  rates  over  the  business  cycle.  Short-run  cyclical  fluc- 
tuations also  change  the  characteristics  of  the  employed  labor 
force.  In  a cyclical  downturn,  hiring  stops  and  low-tenured 
workers  are  laid  off.  In  an  upswing,  new  hires  rise  and  low- 
tenured  workers  are  recalled,  substantially  increasing  the 
number  of  young,  low-tenured  workers  employed.  The  central  hy- 
pothesis of  this  paper  is  that  it  is  the  short-run  fluctuation 


in  the  fraction  of  workers  with  very  high  quit  probabilities 
that  affects  the  aggregate  quit  rate,  not  only  fluctuation  in 
the  rate  at  which  particular  workers  quit. 

METHODOLOGY 

The  formal  representation  of  aggregate  attrition  is 
presented  in  equation  1: 


where 


n 


a * the  aggregate  attrition  rate 

q(t,X)  = the  probability  that  a worker  will  leave  the  industry 
in  the  absence  of  any  action  by  his  employer  to  re- 
duce total  employment 

t = tenure 

Y = a vector  of  economic  variables  such  as  the  general  un- 
employment rate 

f(t)  = the  tenure  distribution  measured  in  percent  of  the 
total  work  force 


The  aggregate  attrition  rate  varies  with  differences  in 
tenure  and  economic  conditions.  I will  adopt,  as  a working  hy- 
pothesis, the  polar  case  in  which  economic  variables  (X)  have  no 
effect  on  the  probability  that  an  individual  worker  will  leave 
voluntarily;  only  cyclical  changes  in  the  tenure  structure  af- 
fect the  probability.  I will  test  the  hypothesis  by  examining 
how  well  variations  in  the  tenure  structure  account  for  observed 
behavior. 

Changes  in  the  tenure  distribution  of  the  employed  work 
force,  and  quit  rates  in  discrete  tenure  groups,  are  not  re- 
corded in  standard  data  published  by  BLS.  To  measure  the  tenure 
of  individual  workers,  we  use  data  from  the  Social  Security  Ad- 
ministration's Longitudinal  Employer  Employee  Data  (LEED)  file  a 
data  set  that  records  employment  and  earnings  for  a sample  of 
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individual  workers  over  the  period  1957  - 1972.*  Unfortunately, 
while  allowing  tenure  to  be  measured,  and  recording  labor  market 
movements  of  workers  in  the  sample,  the  LEED  file  does  not  in- 
clude identifiers  of  labor  turnover  categories  such  as  quits, 
new  hires,  layoffs,  or  rehires.  Thus  to  use  these  data  to  dem- 
onstrate that  changes  in  the  aggregate  quit  rate  can  be  ex- 
plained by  changes  in  the  tenure  distribution  requires  a number 
of  steps:  First,  the  probability  that  a worker  with  given  ten- 
ure will  leave  the  steel  industry  due  to  attrition  (voluntary 
separation  in  the  absence  of  an  employment  reduction)  must  be 
measured.  Second,  the  tenure  distribution  of  workers  in  the 
steel  industry  is  measured  in  two  periods  during  which  employ- 
ment fell.  Third,  the  aggregate  attrition  rate  for  each  period 
is  calculated  by  multiplying  the  measured  attrition  probability 
for  each  tenure  group  by  the  fraction  of  the  workforce  in  that 
tenure  group  and  summing  across  all  tenure  groups.  Fourth,  the 
aggregate  attrition  rate  is  adjusted  to  correspond  to  the  BLS 
measure  of  quits  and  other  separations,  and  finally,  the  two 
measures  are  compared. 

•These  data  provide  the  age,  race,  and  sex  of  1%  of  the  covered 
workforce.  Quarterly  earnings,  industry,  and  location  is  also 
reported  for  each  employer  for  whom  the  individual  worked  during 
1957  - 1972.  (See  [9]  for  more  detailed  information.)  With 
these  data  the  tenure  of  each  worker  in  an  industry  since  1957 
is  calculated  by  counting  the  number  of  quarters  since  1957  in 
which  the  worker  shows  any  employment  in  that  industry.  (For 
workers  first  hired  prior  to  1957,  age  is  used  as  a proxy  for 
tenure.)  Separations  in  a given  year  are  tabulated  by  counting 
the  number  of  workers  for  which  an  employer  report  is  found  for 
the  given  industry  in  the  given  year,  but  no  report  for  that 
industry  is  found  subsequently. 
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Measuring  Attrition 

Attrition  in  a given  tenure  group  is  measured  by  counting 
the  fraction  of  workers  in  that  group  who  permanently  left  the 
industry  in  a year  when  few  if  any  permanent  separations  were 
due  to  layoff.  The  year  chosen  for  this  purpose  was  1964,  a 
year  in  which  employment  in  the  industry  grew  by  5.2%.  Equation 
2 shows  the  attrition  probability 

(2)  q(t)  = ft 

where 

q(t)  = probability  that  workers  with  tenure  (t)  will 
leave  due  to  attrition 

S = number  of  workers  with  tenure  (t)  who  permanently 
separated  in  1964 

= number  of  workers  with  tenure  (t)  who  were  employed 
in  the  steel  industry  at  any  time  in  1964 

Table  1 shows  the  number  of  workers  and  number  of  sepa- 
rations by  tenure  group  for  1964  as  well  as  the  attrition  rate 
for  each  tenure  group.  The  latter  figures  illustrate  the  strong 
negative  association  between  tenure  and  the  probability  of 
leaving  due  to  attrition.  Workers  with  less  than  fours  years' 
tenure  are  about  ten  times  more  likely  to  leave  due  to  attrition 
than  higher  tenure  workers.  These  figures  also  show  how  impor- 
tant the  fraction  of  low  tenure  workers  is  as  a determinant  of 
aggregate  attrition.  Workers  with  less  than  four  years'  tenure 
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TABLE  1 


ATTRITION  PROBABILITIES  BY  TENURE  IN  1964 


Tenure 
( years ) 

Number  of 
permanent 
separations  1964 
(S) 

Number 
of  workers 
employed 
during  1964 
IN) 

Attriti 

(S/N 

Less  than  1 

215 

767 

.280 

1 

37 

207 

.179 

2 

10 

96 

.104 

3 

13 

106 

.123 

4-9 

11 

195 

.056 

10-24 

49 

1781 

.028 

25-39 

45 

2089 

.022 

40-44 

13 

424 

.031 

Greater  than  44 

64 

220 

.291 

Total 

457 

5885 

.078 

Note:  For  groups  including  workers  with  more  than  three  years' 

tenure,  age  is  used  as  a proxy  for  tenure.  The  assumption  is 
that  all  workers  are  hired  at  age  20.  Thus,  workers  with 
greater  than  44  years'  tenure  are  workers  at  least  63  years  old 
(with  at  least  three  years'  experience). 


made  up  only  20%  of  the  labor  force.  Yet  this  group  accounted 
for  60%  of  all  attrition. 

Tenure  Distribution 

Table  2 shows  the  tenure  distribution  of  the  work  force  in 
1960,  62  and  64.  The  extent  to  which  the  tenure  distribution  is 
affected  by  business  conditions  is  evident  in  this  table.  In 
1964,  a year  of  unusually  rapid  growth,  13%  of  the  labor  force 
had  less  than  one  year  tenure.  In  1960  and  1962,  years  of 
sizeable  decline,  the  proportion  of  workers  with  less  than  one 
year  tenure  was  very  low.  These  distributions  reflect  the 
residue  of  past  trends  in  employment.  For  example,  employment 
rose  rapidly  in  early  1959  in  anticipation  of  the  strike  which 
occurred  July-October  1959.  This  accounts  for  the  high 
proportion  of  workers  in  1960  with  one  year  of  tenure.  Since 
many  of  them  also  remained  in  the  industry,  a high  proportion  of 
the  work  force  in  1962  had  three  years'  tenure. 

Estimated  Aggregate  Attrition 

Tenure-specific  attrition  probabilities  calculated  from 
1964  data  are  assumed  to  be  invariant  over  time.  Applying  these 
probabilities  to  the  1960  and  1962  tenure  distributions  allows 
estimation  of  aggregate  attrition  in  1962  and  1960,  as  described 
in  equation  1.  The  aggregate  attrition  rates  for  1964,  1962, 
and  1960  are  displayed  in  table  3,  together  with  the  net  employ- 
ment change  in  each  year.  As  expected,  aggregate  attrition  in 
1960  and  1962  is  considerably  less  than  attrition  in  1964. 
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TABLE  2 


TENURE  DISTRIBUTION  1960,  1962  AND  1964 

Proportion  of  Workforce  Tenure  t in: 


Tenure 

(years) 

1964 

1962 

1960 

Less  than  1 

13.0 

3.8 

3.5 

1 

3.5 

2.5 

7.9 

2 

1.6 

1.7 

1.6 

3 

1.8 

6.3 

* 

4-9 

3.3 

4.3 

7.1 

10-24 

30.3 

33.2 

34.7 

25-39 

35.5 

35.9 

33.0 

40-44 

7.2 

7.6 

6.6 

Greater 

than  44 

3.7 

4.8 

5.6 

*Tenure 

of  three  years 

could  not  be 

measured  in  1960 

because 

1957  was  first  year  new 

hires  could 

be  observed. 

TABLE  3 


NET  EMPLOYMENT  AND  ESTIMATED  AGGREGATE  ATTRITION 
RATES  IN  THE  STEEL  INDUSTRY 

1964  1962  1960 
Net  employment  change  5.2  -4.9  -9.4 
Aggregate  attrition  rate  7.8  6.0  6.3 

Adjusting  Attrition  to  Match  BLS  Turnover  Data 

To  determine  if  changes  in  tenure  distribution  can  explain 
changes  in  the  aggregate  quit  rate,  we  compare  the  attrition 
measures  shown  above  to  voluntary  turnover  as  measured  by  BLS. 
Attrition  resembles  what  BLS  calls  "quits  and  other  separations" 
(QOS).  These  measures  are  not  exactly  the  same,  however.  Attri- 
tion measures  only  permanent  separations  not  designed  to  reduce 
employment.  Thus,  QOSs , which  include  transfers  and  unexcused 
temporary  absences  of  over  7 days,  are  likely  to  be  considerably 
greater  than  attrition.*  To  avoid  confusion  due  to  the  differ- 
ence in  levels,  we  assume  that  the  mix  between  permanent  and 
temporary  separations  is  not  cyclically  sensitive.  Under  this 
assumption,  it  is  possible  to  compare  percentage  changes  in  the 
two  measures. 

^Attrition  excludes  interfirm  job  change  within  the  steel  in- 
dustry as  well.  In  the  steel  industry,  however,  interfirm  in- 
traindustry transfers  are  exceedingly  rare. 


A second  difference  is  that  QOSs  include  only  workers  who 
were  employed  when  they  separated,  while  attrition  includes 
workers  who  severed  their  attachment  to  the  industry  during  the 
year,  regardless  of  whether  they  were  employed  when  they  left. 
We  assume  that  the  propensity  to  leave  voluntarily  is  inde- 
pendent of  whether  the  worker  is  employed  or  on  temporary 
layoff . * 

To  take  account  of  this  difference,  the  attrition  measures 
in  table  3 were  recalculated  to  reflect  the  probability  of 
leaving  due  to  attrition  only  while  employed.** 

Table  4 shows  the  QOS  rate  and  the  calculated  attrition 

r ate . 

Comparison  of  Attrition  and  Quits 

The  adjustment  increases  the  attrition  rate  in  1964  by 
10.2%  and  reduces  it  by  7.1%  and  12.4%  in  1962  and  1960  re- 
spectively. Even  after  the  adjustment,  the  attrition  rate  is 
about  45%  of  the  QOS  rate.  This  suggests  that  about  55%  of  QOSs 


*Th is assumpt ion  produces  conservative  estimates.  The 
propensity  to  leave  permanently  while  on  layoff  is  probably 
greater  than  the  propensity  to  leave  while  employed.  Laid  off 
workers  have  more  time  to  explore  alternatives.  In  addition,  a 
worker  who  intends  to  leave  has  an  incentive  to  delay  leaving 
voluntarily  if  he  anticipates  being  laid  off.  Unemployment 
insurance  is  available  immediately  to  workers  laid  off  but  quits 
must  wait  for  6-8  weeks. 

**The  procedure  used  is  based  on  computation  of  the  number  of 
man-years  of  employment  (as  opposed  to  the  number  of  men 
employed  in  a year)  in  each  tenure  group.  The  details  of  the 
computation  are  shown  in  the  appendix. 


eventually  return  to  the  steel  industry.  Table  5 compares  the 
QOS  rate  and  the  attrition  rate  in  1962  and  1960  respectively. 


TABLE  4 


TURNOVER  RATES 

(Percentage  of  annual  employment) 


1964 

1962 

1960 

BLS  Measures 

Quits 

7.2 

3.6 

3.6 

Other  separations 

8.4 

7.2 

6.0 

QOS 

15.6 

10.8 

9.6 

LEED  Measures 

Attrition 

• 

00 

6.0 

6.3 

Adjusted  attrition 

8.6 

5.6 

5.6 

(attrition  while  employed) 

TABLE  5 

QOS  AND  ATTRITIONS  COMPARED 

1962 

1960 

QOS  rate 

as  % of  1964  QOS  rate 

69.2 

61.5 

Attrition 

attrition 

rate  as  % of  1964 
rate 

65.1 

65.1 

% of  QOS 

rate  explained  by 

94.5 

106.3 

attrition 
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When  voluntary  turnover  is  calculated  by  applying  tenure 
specific  attrition  rates  to  observed  tenure  profiles,  we  predict 
less  voluntary  turnover  than  predicted  by  adjusted  BLS  statis- 
tics in  1962  and  more  than  indicated  in  1960.  This  could  be  due 
to  the  quit  propensity  being  higher  in  1962  and  lower  in  1960 
when  compared  to  the  1964  rate.  It  could  also  be  that  the  di- 
vergence between  the  predicted  and  actual  values  is  due  to 
sampling  variability  rather  than  difference  in  attrition  prob- 
abilities. At  least  in  the  steel  industry,  most,  if  not  all,  of 
the  variability  of  voluntary  turnover  can  be  explained  by  some 
changes  in  the  tenure  structure. 

THEORETICAL  IMPLICATIONS 

One  theory  of  job  search,  typified  by  Alchian  [1,21  assumes 
that  an  employed  worker  has  better  information  about  his  own  job 
than  about  the  job  market  in  general.  When  aggregate  demand 
falls  and  his  hours  or  wages  are  reduced,  the  worker  perceives 
that  his  own  earnings  have  fallen  but  not  that  earnings  have 
fallen  elsewhere,  and  quits  to  search  for  a higher  paying  or 
steadier  job.  Thus,  this  theory  predicts  an  increase  in  indi- 
vidual quit  probabilities  during  a recession  [4]. 

Observations  that  the  aggregate  quit  rate  falls  in  a re- 
cession have  been  taken  as  contradicting  this  proposition.  This 
paper  has  shown  that  the  evidence  need  not  be  viewed  as  contra- 
dicting the  theory;  cyclical  changes  in  the  tenure  structure  of 
the  employed  work  force,  due  to  both  permanent  displacement  and 
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temporary  layoff,  can  cause  large  fluctuations  in  the  aggregate 
quit  rate,  independently  of  changes  in  the  probability  that  a 


given  worker  will  quit.  In  fact,  changes  in  the  tenure  struc- 
ture can  so  dominate  the  aggregate  quit  rate  that  quit  proba- 
bilities at  the  individual  level  are  not  discernable  in  aggre- 
gate data. 

An  alternative  assumption  of  job  search  theory  is  that 
attrition  probabilities  will  increase  when  aggregate  demand 
rises  because  opportunity  to  improve  ones  job  will  increase. 
But,  again,  this  paper  has  shown  that  attrition  probabilities  do 
not  necessarily  change  with  variation  in  business  conditions. 
It  may  be  that  the  expected  value  of  a job  offer  is  more 
strongly  affected  by  the  relatively  stable  characteristics  of 
the  worker  and  of  the  job  itself  than  by  the  cyclical  changes  in 
opportunity  or  wages.  This  is  particularly  likely  to  be  true  if 
evaluation  of  job  characteristics  by  on-the-job  experience  is 
necessary  to  determine  the  expected  value  of  a job.  A worker 
may  find  that,  despite  an  excellent  wage  package,  the  job  itself 
is  onerous  or  he  is  unlikely  to  be  promoted  because  he,  in  one 
way  or  another,  does  not  fit  in. 

The  empirical  findings  about  attrition  and  tenure  are  ap- 
plicable to  job  search  theory  in  another  way.  In  Mortensen's 
model  of  search  by  a worker  who  is  already  employed  [5],  the 
probability  of  finding  relatively  unattractive  aspects  of  the 
current  job  is  high  early  in  a worker's  career,  and  falls 
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exponentially  with  tenure.  Consequently,  attrition  rates  tend 
to  decline  with  tenure.  The  attrition- tenure  relation  measured 
in  this  work  strongly  supports  this  prediction. 

EXTENSION  OF  FINDING  TO  OTHER  INDUSTRIES 

A single  swallow  does  not  make  a summer,  and  a demonstra- 
tion that  cyclical  changes  in  the  tenure  structure  in  the  steel 
industry  can  explain  observed  changes  in  the  aggregate  quit  rate 
does  not  prove  that  quit  probabilities  at  the  individual  level 
are  stable  over  the  cycle.  It  is  important  to  consider  whether 
results  based  on  steel  industry  data  are  applicable  to  manufac- 
turing in  general. 

There  are  three  reasons  why  steel  might  be  a bad  example: 

First,  the  rapid  fall  in  the  attrition  propensity  with  in- 
creasing tenure  may  be  peculiar  to  the  steel  industry.  If  so, 
the  "elasticity"  of  quits  with  respect  to  tenure  changes  would 
be  unusually  high. 

Second,  cyclical  swings  in  quits  may  be  relatively  small  in 
steel.  Even  if  the  attrition-tenure  relation  in  other  indus- 
tries was  similar  to  that  in  steel,  far  greater  fluctuations  in 
the  tenure  structure  of  other  industries  would  have  to  occur  in 
order  to  account  for  observed  changes  in  quits. 

Third,  cyclical  fluctuations  in  layoffs  could  be  consider- 
ably greater  in  steel.  This  would  make  it  comparatively  easier 
for  quits  to  be  counted  as  layoffs. 
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Limited  information  about  the  relation  between  attrition 
probabilities  and  tenure  in  a broad  range  of  manufacturing 
Industries  was  generated  as  part  of  another  study  [3].*  The 
same  general  pattern  was  observed  in  each  industry.  A minor 
difference  was  that  attrition  among  low  tenure  workers  relative 
to  high  tenure  workers  in  auto  manufacturing  and  steel  was 
somewhat  higher  than  in  other  industries.  The  major  difference, 
however,  was  that  attrition  was  far  lower  for  all  tenure  groups 
in  steel  and  automobiles  relative  to  similar  groups  in  low-wage, 
low  capital-labor-ratio  industries,  such  as  textiles. 

The  variability  in  the  quit  rate  in  steel  is  somewhat  lower 
but  not  very  different  from  that  in  all  manufacturing  on  an 
absolute  basis  but  it  is  relatively  high  on  a proportional 
basis.  During  the  1960s,  quits  averaged  1.9%  per  month  in 
manufacturing  and  .7%  in  steel,  but  the  standard  deviation  of 
the  aggregate  quit  rate  was  1.8%  in  manufacturing,  1.3%  in 
steel. 

Layoffs  and  "other  separations"  were  similar  in  steel  and 
manufacturing  as  a whole.  It  is  reasonable  to  conclude  that 
changes  in  the  age-tenure  structure,  together  with  quits  that 
are  counted  as  layoffs  can  account  for  much  of  the  variation  in 
the  BLS  quits  in  all  industries. 

"This  study  focused  on  earnings  losses,  not  turnover,  and  lim- 
ited the  sample  to  workers  age  23-53,  with  more  than  one  year 
tenure,  employed  each  year  1960-70. 
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APPENDIX  A 


MEASUREMENT  OF  ATTRITION  AMONG  EMPLOYED  WORKERS 


The  attrition  rate  defined  in  equation  1 on  page  2 mea- 
sures the  fraction  of  workers  employed  in  an  industry  at  any 
time  during  the  year  who  leave  the  industry  permanently,  in  the 
absence  of  any  attempt  by  employers  to  reduce  employment.  "Quits 
and  other  separations”  (QOS),  as  measured  by  the  BLS,  is  the 
number  of  employed  workers  who  leave  and  are  not  laid  off  as  a 
fraction  of  man-years  of  employment.  This  appendix  presents  a 
method  of  adjusting  the  attrition  measure  so  that  only  workers 
who  permanently  leave  while  employed  are  counted.  This  adjusted 
attrition  measure  and  the  QOS  measure  will  then  be  as  comparable 
as  possible. 

Equation  A-1  shows  how  the  attrition  rate  was  estimated 
initially: 


(A-1) 


I q(t) -N^ 

1 \ 


where 


q(t) 


N 


,64 

’t 
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A-1 


a 


the  attrition  rate 


■ the  number  of  workers  who  leave  tenure  group 
t due  to  attrition 

* the  number  of  workers  employed  in  tenure 
group  t 

q(t)  * the  probability  of  a worker  with  tenure  t 
leaving  due  to  attrition 

» the  number  of  workers  who  permanently  leave 
tenure  group  t 


To  calculate  the  attrition  rate  of  employed  workers,  the 
number  of  man-years  of  employment  (L^)  must  be  substituted  for 
the  number  of  men  employed  (N^)  wherever  it  appears  in  equation 
A-1. 

For  workers  employed  prior  to  the  start  of  a given  year, 

the  number  of  man-years  of  employment  is  defined  in  equation 

A-2:  - dg  • - d,j.  • (for  t greater  than 

equal  to  one  year) 

where: 


L » man-years  of  employment 

N ■ the  number  of  men  employed  during  the  year 

S ■ the  number  that  leave  permanently 

d3  ■ the  average  amount  of  time  the  leavers  were 
not  employed 

T ■ the  number  that  leave  temporarily 

dip  ■ the  average  amount  of  time  the  temporary 

leavers  were  not  employed. 
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We  assume  that  separations  occur  randomly  throughout  the 
year.  Thus  the  average  separatee  is  not  employed  for  one-half 
year  (dg  ■ 1/2).  We  assume  that  for  every  permanent  layoff 
(D)  five  workers  are  temporarily  laid  off  (T  = 5D).  (This 
estimate  is  based  on  the  empirical  finding  that  85  percent  of 
manufacturing  workers  laid  off  eventually  are  rehired.*)  We 
also  assume  that  every  laid  off  worker  is  unemployed  for 
one-fifth  of  a year  (d^  = 1/5).  (This  estimate  is  derived 

from  Pennsylvania's  Unemployment  Insurance  Records  for  primary 
metal  workers.)  Substituting  these  values  in  equation  (A-2) 
g ives: 

(A-3)  Lt  = Nt  - (1/2)  • - (1/5)  • 5Dt 

The  number  of  permanent  layoffs  (D)  equals  total  separation  (S) 
less  attrition; 

(A-4)  °t  " \ “ ^t  ■ 


where 


q{t) 


*See;  Frank  Brechling,  "An  Analysis  of  Labor  Turnover,"  p 170, 
The  Public  Research  Institute,  Arlington,  Virginia  (Dec.  1976). 
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The  resulting  equation  for  man-years  of  employment  for  workers 
other  than  new  hires  (workers  with  greater  than  one  year  tenure) 
is: 


(A-5) 


1 

l-q(t) 


(N^  - (3/2)  S^; 


For  new  hires,  i.e.,  workers  with  less  than  one  year  ten- 
ure, the  equation  is  more  complicated.  We  assume  that  hires 
are  evenly  distributed  throughout  the  year.  Thus  on  average, 
each  worker  would  be  employed  a half  year.  Each  separation 
among  these  new  hires  then  reduces  man-years  of  employment  by 
one-quarter  year  (not  one-half  year)  and  each  temporary  layoff 
reduces  man-years  of  employment  in  the  group  by  one-tenth  year 
(not  one-fifth  year).  The  equation  for  new  hires  is  thus: 

(A  6)  - (1/2) (1/4) *5^-  (1/10) -50^ (for  t less  than 

one  year) 


and,  substituting  for  D as  in  equation  (A-4) 
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The  adjusted  estimate  of  attrition  is  calculated  as  follows: 


First,  man-years  of  employment  in  each  tenure  group  in  1964 
are  calculated  using  equations  A-3  and  A-6  and  the  data 
in  table  1.  (Permanent  layoffs  were  assumed  zero  in  1964.)  Us- 
ing this  value  of  (L)  , the  adjusted  attrition  propensities  (q) 
are  then  calculated.  Man-years  of  employment  in  1962  and  1960 
can  thus  be  calculated  using  equations  A-5  and  A-7  and  the  data 
in  table  2.  Given  (L)  the  number  of  attritions  from  employed 
workers  can  be  estimated  by  multiplying  L by  (q)  . The  net  ad- 
justed attrition  ratio  is  then  calculated  using  equation  A-1. 
The  results  of  this  calculation  were  reported  earlier  in  table 
5. 

The  accuracy  of  the  procedure  for  estimating  the  number  of 
man-days  of  employment  (L)  was  checked  by  comparing  the  esti- 
mates to  direct  measure  of  men  employed  in  primary  metal  indus- 
tries, available  from  state  Unemployment  Insurance  records  in 
Pennsylvania.  (Almost  all  of  these  workers  were  in  the  steel 
industry.)  These  data  also  provided  a measure  of  the  total 
fraction  of  each  year  unemployment  insurance  benefits  were  paid 
to  these  workers.  Subtracting  the  number  of  man-years  of  em- 
ployment from  the  number  of  men  provides  a reasonably  accurate 
measure  of  man-years  of  employment.  Table  A-1  shows  the  ratio 
of  man-years  to  men  employed  in  1960  and  1962  in  Pennsylvania 
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and  the  nation  as  a whole.*  The  national  statistic  was  derived 
i from  Social  Security  data  and  the  procedures  discussed  in  the 

I main  text.**  The  ratios  are  quite  similar.  A possible  explana- 

tion for  the  relatively  large  difference  in  1964  is  that  most  of 
the  divergence  between  L and  N was  due  to  permanent  separation 
of  new  hires.  Those  workers  may  have  found  jobs  relatively 
quickly  and  therefore  weeks  of  unemployment  greatly  under-esti- 
mates weeks  not  employed  in  primary  metals. 

TABLE  A-1 

COMPARISON  OF  MAN-YEARS  VERSUS  MEN  EMPLOYED 

Pennsylvania  U.S . 

Man-years  employed  as  a 
fraction  of  men  employed 
(L/N) 

1964  98.6  96.1 

1962  93.1  93.4 


•Source  for  Pa.  data  - Continuous  Wage  and  Benefit  History  of 
Workers  Covered  by  Pennsylvania  Unemployment  Compensation  Law, 
Benefit  Experiences  and  Industry  of  Claimant,  Report  #2  1962  , 
Report  #4,  1964;  Pa.  Dept,  of  Labor  and  Industry , Bureau  of 
Employment  Security,  Harrisonburg,  Penna. 

**New  Hires  were  not  measurable  with  UI  data,  thus  L was  sig- 
nificantly over-estimated  in  years  with  major  employment  growth. 
The  measure  of  L using  Social  Security  data  was  adjusted  to  take 
this  into  account. 


